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Abstract 

Objective: The objective of this study was to quantify the relationship between number of dental amalgam 
surfaces and urinary mercury levels. 

Methods: This study uses participant data from a large philanthropic chronic disease prevention program in 
Calgary, Alberta, Canada. Urine samples were analysed for mercury levels (measured in Lig/g-creatinine). T-tests 
were used to determine if differences in urine mercury were statistically significant between persons with no dental 
amalgam surfaces and one or more dental amalgam surfaces. Linear regression was used to estimate the change in 
urinary mercury per amalgam surface. 

Results: Urinary mercury levels were statistically significantly higher in participants with amalgam surfaces, with an 
average difference of 0.55 Lig/g-creatinine. Per amalgam surface, we estimated an expected increase of 0.04 \iq/ 
g-creatinine. Measured urinary mercury levels were also statistically significantly higher in participants with dental 
amalgam surfaces following the oral administration of 2,3-dimercaptopropane-l-sulfonate (DMPS) and meso-2,3- 
dimercaptosuccinic acid (DMSA) which are used to mobilize mercury from the blood and tissues. 

Discussion: Our estimates indicate that an individual with seven or more dental amalgam surfaces has 30% to 50% 
higher urinary mercury levels than an individual without amalgams. This is consistent with past literature that has 
identified seven amalgam surfaces as an unsafe level of exposure to mercury vapor. Our analysis suggests that 
continued use of silver amalgam dental fillings for restorative dentistry is a non-negligible, unnecessary source of 
mercury exposure considering the availability of composite resin alternatives. 
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Background 

Amalgam dental surfaces are popular in dentistry and 
have been for decades. They contain approximately 50% 
mercury in combination with other metals including sil- 
ver and copper [1]. The widespread use of amalgam sur- 
faces can be attributed to their low cost and high 
durability compared to other types of surfaces. However, 
the use of dental amalgams has always been a source of 
controversy because of the potential health risks associ- 
ated with exposure to mercury. The main concern over 
dental amalgams is the inhalation of mercury vapor from 
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the surface, possibly leading to increased mercury levels 
in the body [1]. Richardson notes that viable alternative 
(non-Hg) restorative materials like composite resins 
exist, making reliance on dental amalgam for the restor- 
ation of carious teeth no longer necessary or essential 
[2]. This in turn means that continued use of dental 
amalgams for restorative dental care is a source of un- 
necessary exposure to mercury vapor which has been 
shown to exceed the safe level of mercury exposure 
when an individual has seven or more dental amalgam 
surfaces [2]. 

A sizeable body of research suggests that dental amal- 
gams are a major source of mercury exposure in the 
general population, with several studies showing a cor- 
relation between the number of amalgam surfaces and 
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brain, blood and urinary concentrations of mercury 
[3-13]. For example, it has been estimated that for every 
10 amalgam surfaces an individual has, there is a corre- 
sponding increase in urinary mercury concentrations of 
approximately one (ig/L, roughly doubling normal back- 
ground concentrations [11]. Dental amalgams have also 
been correlated with disease outcomes, for instance, kid- 
ney function in children [14] or neurological degener- 
ation in adults (e.g., Alzheimer's disease) [15]. High 
levels of mercury in the diet, an allergy to mercury, im- 
paired kidney function, and environmental or workplace 
exposure to mercury are all contraindications for dental 
amalgams according to Health Canada [16,17]. 

However, evidence to date is mixed, with some studies 
asserting that mercury levels are not elevated in those 
with dental amalgams, or that any observed elevations 
were not associated with health impacts [18-20]. The ac- 
cumulated evidence on amalgam surfaces and the rela- 
tionship with mercury levels is based on many small 
studies and few large studies, so it is possible that the 
wide-ranging conclusions in the literature are partly due 
to small sample sizes. 

Recent Canadian estimates from a large, population- 
based sample show that, for Canadians with dental amal- 
gams, over 80% are exposed to more mercury daily than 
the current government guidelines recommend [2]. This 
estimate was based on extrapolation from the number of 
observed amalgam surfaces per individual, and states 
that seven or more amalgams in an adult will lead to 
higher than recommended mercury levels per unit of 
body weight. 

The objective of this study is to estimate the relation- 
ship between the number of amalgam surfaces and urin- 
ary mercury levels. We take advantage of a large sample 
of men and women with two measures for urinary ex- 
cretion of mercury and number of amalgam surfaces. 
We find that individuals with one or more dental amal- 
gam surfaces have, on average, at least double the urin- 
ary mercury level of individuals with no dental amalgam 
surfaces. We find a statistically significant linear rela- 
tionship between urinary mercury levels and the number 
of amalgam surfaces. The magnitude of the exposure 
that we identify is consistent with past literature that has 
identified 7 amalgam surfaces as an unsafe level of ex- 
posure to mercury vapor [18]. Safety levels remain un- 
defined for long-term, low-dose mercury exposure, but 
our analysis suggests that continued use of silver amal- 
gam dental fillings results in higher mercury exposure 
that could be avoided with alternative filling materials. 

Methods 

Participants 

Participants were drawn from enrollees in the Pure 
North S'Energy Foundation program (henceforth "Pure 



North"), which is a philanthropic wellness and chronic- 
disease prevention program based in Calgary, Alberta, 
Canada. Pure North assesses participant health status 
using questionnaires, biometric measurements and la- 
boratory tests to provide personalized preventive health 
care services. Healthcare workers at Pure North (includ- 
ing nurses, doctors, and dentists) provide participants 
with lifestyle counselling, dietary supplementation with 
vitamins, minerals and other nutrients and dental care. 
There is no cost to the participants for the services of- 
fered - this includes dental care. As part of the health 
assessment, Pure North physicians assess the number 
of dental amalgam surfaces in an individuals mouth 
and offer participants the option to test their urine 
mercury levels. We report data from 2,137 subjects 
from September 2010 through February 2013 who 
agreed to undergo a urinary six hour challenge to deter- 
mine their mercury levels. 

Data collection 

Dentists inspected participants mouths and oral x-rays 
to determine the number of amalgam fillings and sur- 
faces. Typical molars have five surfaces, and conse- 
quently, there can be several amalgam surfaces per filled 
tooth (on average, there are 2 amalgam surfaces per 
filled tooth) [2]. Demographic and lifestyle information 
were obtained from health questionnaires routinely com- 
pleted by Pure North participants. Height, weight, waist 
circumference and blood pressure were collected by the 
medical staff. 

There are two measures of urinary mercury levels col- 
lected by Pure North. First, urine mercury levels are 
measured in a urine sample requiring no special consid- 
erations. Program participants are also offered the op- 
portunity to undergo a 6 hour urinary challenge test for 
toxic metals (UTM challenge) which involves collecting 
urine for 6 hours following the oral administration of 
30 mg 2,3-dimercaptopropane-l-sulfonate (DMPS) and 
500 mg meso-2,3-dimercaptosuccinic acid (DMSA). 
DMPS and DMSA can be used to mobilize mercury from 
the blood and tissues and has been shown to significantly 
increase urinary excretion of mercury following a single 
administration [19]. While it remains unclear to what ex- 
tent a single administration of DMSA and DMPS will 
mobilize stores of mercury in the brain, kidney and organs 
[19], it has been suggested that the use of this type of urin- 
ary challenge for the determination of urinary mercury 
levels increases the significance and reliability of urine 
levels as a measurement of mercury exposure and net 
bodily retention [18]. 

Post challenge with DMPS and DMSA, urine was col- 
lected in a 2.5-1 polypropylene sampling vessel and a 
sample was collected from this vessel. The two collected 
urine samples were then sent to Doctors Data, Inc. 
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(Champaign, IL) where they were stored at -20°C prior to 
testing. Analysis of urinary elements was performed by 
ICP-Mass Spectroscopy following acid digestion of the 
specimen. Urinary mercury concentrations are reported as 
[ig/g-creatinine to reduce error introduced by variation in 
sample volume. 

Variables & statistical analysis 

The primary outcome measures were urinary mercury 
levels measured from samples from the initial appoint- 
ment and following the UTM challenge. Exposure to 
mercury was estimated based on the number of amal- 
gam surfaces. Participant characteristics included age, 
sex, height, weight (expressed as tertiles), and BMI. 

Analyses were completed using Stata 11. The variables 
used in this analysis were summarized with means and 
standard deviations if they were continuous variables 
and with percentages if they were binary or categorical 
variables. Comparisons of the average mercury levels by 
amalgam group were conducted with t-tests. We then 
used ordinary least squares regression models to investi- 
gate the association between mercury levels, amalgams, 
and patient characteristics. The initial model included 
age, sex, height in metres, weight in kilograms 
(expressed as tertiles), and BMI (weight/height 2 ). For all 
tests of significance, we used a significance level of five 
percent to determine evidence of an association. Ethics 
approval for this study was obtained from the University 
of Calgary (Ethics ID E-24890). 

Results 

Characteristics of the participants are reported in Table 1. 
The distribution of the number of surfaces per participant 
is presented in Figure 1. For participants with amalgams, 
the mean number of surfaces was 12.8 (median = 10). 



Table 1 Characteristics of study participants 



Characteristic 


Summary 
measure 
(N = 2137) 


Women 
(N=994) 
47% 


Men 

(N=1143) 
53% 


Age in Years: Mean (sd) 


49.3 (11.6) 


49.7 (11.9) 


48.9 (11.3) 


1 or More Amalgams 


73% 


80% 


67% 


Mean Number of Amalgam 
Surfaces, inclusive of zero 
surfaces (sd) 


12.8 (13.6) 


14.4 (13.7) 


11.4(13.3) 


Weight in kg: Mean (sd) 


80.5 (17.4) 


73.6 (16.8) 


86.5 (15.6) 


Weight <74kg 


40% 


61% 


22% 


Weight 74-90kg 


33% 


22% 


41% 


Urinary Hg (ug/g-creatinine): 
Mean (sd) 


1.3 (1.8) 


1.7 (2.3) 


1.0 (1.2) 


Urinary Challenge Hg 
(ug/g-creatinine): Mean (sd) 


9.6 (12.9) 


12.9 (15.1) 


6.8 (9.9) 



Notes: sd standard deviation. 



Comparing those with and without dental amalgams, we 
find statistically significant mean differences in both urin- 
ary mercury measures. Urinary mercury levels in partici- 
pants with amalgams are 0.55 (ig/g-creatinine higher, or 
64% greater, than the mean of 0.86 [ig/g-creatinine for 
participants without amalgams. UTM challenge urinary 
mercury levels for participants with one or more dental 
amalgam surfaces are on average five (ig/g-creatinine 
higher - almost double - the mean of 5.32 (ig/g-creatinine 
for those participants with no amalgam surfaces. 

Figure 2 shows the distribution of mercury levels for 
those with and without mercury amalgams and Figure 3 
shows the same comparison using the UTM challenge 
urinary mercury measure. In both figures the median 
levels of (ig/g-creatinine are nearly double for those with 
one or more amalgams than participants with no amal- 
gam surfaces. The median mercury level for those 
with one or more dental amalgam surfaces was 1.1 \ig/ 
g-creatinine, versus 0.6 (ig/g-creatinine for those with no 
amalgams. Meanwhile, the median UTM challenge urin- 
ary mercury level for those with amalgams was 6.3 \ig/ 
g-creatinine versus 2.75 (ig/g-creatinine for those with 
no amalgam surfaces. Individuals with amalgams 
exhibited, in some cases, very high levels of mercury: 
there are more outliers in the amalgam surfaces group 
than the group without amalgam surfaces. 

The results for the model of mercury levels, number 
of amalgams, and participant demographics are pre- 
sented in Table 2. There was statistical evidence that sex 
and weight were associated with baseline and UTM 
challenge urinary mercury levels. With these characteris- 
tics and exposures in the model, there was no evidence 
that height, BMI or age confounded the relationship be- 
tween amalgam surfaces and urinary mercury levels. 

The coefficient estimate for the per-amalgam surface 
increase in urinary mercury of 0.04 ug/g-creatinine is 
statistically significant. For males and females of mean 
weight in the sample, this per surface increase represents 
a 5% and 3% increase in ug/g-creatinine over the base- 
line level for someone with no amalgam surfaces. For 
the UTM challenge urinary mercury measures, the per 
surface effect of 0.32 ug/g-creatinine represents 9% and 
4% increases over the ug/g-creatinine for someone with 
no amalgam surfaces. 

Discussion 

We find a statistically significant association between 
amalgam surfaces and two measures of urinary mercury 
levels. Other researchers have examined the relationship 
between amalgam surfaces and urinary concentrations 
[4,6-10,13] but only two [18,20] have specifically exam- 
ined UTM challenge urine mercury levels, with mixed 
results. Aposhian et al. measured mercury excretion nine 
hours after administration of a single dose of 300 mg 
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DMSA in 14 patients with or without dental amalgams 
[18]. They found that individuals with amalgams ex- 
creted roughly 3 times more mercury after DMSA than 
those without amalgams and that there was a statistically 
significant positive relationship between mercury excre- 
tion and total amalgam surface area. In contrast, Vamnes 
et al. found no significant relationship between number 
of amalgam surfaces and urinary mercury excretion fol- 
lowing DMPS injection in 41 patients, although they 
note that subjects in the study were relatively similar in 
terms of number of amalgams [20]. In both cases the 
conclusions that could be drawn from these studies were 
limited by their small sample sizes. A main strength of 
our study is that the Pure North program gathered data 



on over 2000 individual participants. This much larger 
sample size enabled us to determine the relationship be- 
tween amalgam surfaces and urinary concentration while 
considering other confounders mentioned in the 
literature. 

Exposure to mercury vapor is a known health risk with 
no clearly established safe level of exposure. Health 
Canada has previously acknowledged that dental amal- 
gam is the single largest source of mercury exposure for 
the average Canadian but assesses that other than for 
the two to three percent of the population with mercury 
allergies or hypersensitivity, evidence does not indicate 
that dental amalgam exposures are high enough to cause 
illness [21]. Compared to the urinary mercury level 



Urinary mercury levels 



One or more amalgams 



No amalgams 



Figure 2 Frequencies of urine mercury levels in those with and without amalgams. 
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Figure 3 Frequencies of urine challenge mercury levels in those with and without amalgams. 



associated with clinical mercury poisoning of 100 ug/ 
g-creatinine, our estimates of elevated urinary mercury 
due to amalgam surfaces are well below that level and 
would be considered "not harmful" by Health Canada. 

Chronic exposure to low doses of mercury from dental 
amalgam is difficult to evaluate from a health safety per- 
spective and there is no established level of mercury ex- 
posure considered safe or unsafe over longer periods of 
time. The Tolerable Daily Intake (TDI) concept for ex- 
posure to hazardous substances defines a level of expos- 
ure "to which people could be exposed continuously 
over their lifetime without suffering any harmful effects". 
TDIs for mercury are based on exposures from indus- 
trial and environmental sources [21]. Mercury vapor 
doses from dental amalgam fillings by industrial stan- 
dards are considered to be small at any given point in 
time, but given that exposure to amalgams is essentially 
lifelong it can be argued that the current thresholds for 
mercury exposure should be lowered [22]. Recent re- 
search on rats has speculated on particular mechanisms 
through which low, constant exposure to mercury nega- 
tively affected body systems [23,24]. A review on the 
health of humans and low levels of mercury concluded 



that the evidence base was too small to quantify the risk 
of chronic exposure to mercury [25]. 

According to Richardson, individuals with seven amal- 
gam surfaces or more would be experiencing levels of 
urinary mercury that correspond to exposures above the 
federal governments recommendation for safe levels of 
mercury vapor [2]. Our estimates of the per-amalgam 
surface increase in (ig/g-creatinine are consistent with 
the ranges estimated by Richardson for the Canadian 
population (if not slightly higher) using the Canadian 
Health Measures Survey, thus, the mercury exposure 
levels associated with amalgams estimated by Richardson 
can be used with our data [2]. Our model shows that 
seven amalgam surfaces would be expected to increase 
urinary mercury levels by 36% over that of an average 
male with no amalgam surfaces and by 22% over that of 
an average weight female with no amalgam surfaces. For 
the UTM challenge urinary mercury measure, compared 
to no amalgam surfaces, having seven surfaces would in- 
crease the urinary mercury concentration by 65% in 
males of mean weight for the sample and 30% in females 
of mean weight for the sample. As the mean number of 
amalgam surfaces observed in our dataset was 12.8, the 



Table 2 Factors associated with urine mercury levels 





Unprovoked mercury (ug/g-creatinine) 




Provoked mercury (ug/g-creatinine) 






Effect 


95% CI 


P 


Effect 


95% CI 


P 


Baseline Level 


o. 470 ug/g 


0.314, 0.627 


<0.001 


1 .73 ug/g 


0.657, 2.806 


<0.001 


Per Surface 


0.04 ug/g 


0.03, 0.04 


<0.001 


0.32 ug/g 


0.28, 0.35 


<0.001 


< 74 kg* 


0.30 ug/g 


0.10, 0.49 


0.002 


3.41 ug/g 


2.11,4.73 


<0.001 


74 to 90 kg* 


0.15 ug/g 


-0.04, 0.34 


0.118 


1 .69 ug/g 


0.40, 2.97 


0.015 


Female vs Male 


0.52 ug/g 


0.31, 0.63 


<0.001 


4.14 ug/g 


3.04, 5.24 


<0.001 



* baseline group: >90 kg. Other than the baseline level, the effect indicates the unit increase in mercury level associated with each participant characteristic. 
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majority of persons in our sample are experiencing ex- 
posure to mercury vapor that Richardson has shown to 
be above Health Canada's recommended safe level [2]. 

Given this clear association between amalgam surfaces 
and urinary mercury levels, it is important for future re- 
search to address the impact that mercury vapor expos- 
ure from amalgam surfaces may have on health 
outcomes. The continued widespread use of amalgams 
could be causing negative health consequences in the 
Canadian population. Dental amalgam has a unique 
regulatory treatment. Health Canada describes dental 
filling materials as being classified as medical devices 
under the Medical Devices Regulations of the Food and 
Drugs Act and the authority of that act applies to sale of 
the device but not its use by dentists. Where medical 
devices to be implanted in the body must pass a pre- 
market review of safety and efficacy data, dental mate- 
rials including amalgam are exempted from this review 
since they had been on the market before the enactment 
of the safety regulation. Consequently, dental amalgam 
remains in use until evidence of harm to health is pro- 
duced as opposed to the usual practice of not being in 
use until evidence of safety is produced [21]. 

Health Canada's 1996 Position Statement on Dental 
Amalgam assessed that there was not sufficient evidence 
to support a total ban on amalgam or the removal of 
sound amalgam fillings in patients who have no indica- 
tion of adverse health effects attributable to mercury ex- 
posure. Even in the absence of clinical evidence of 
adverse health effects, Health Canada did recommend 
reducing exposure to heavy metals provided the reduc- 
tions can be achieved "at reasonable cost and without 
introducing other adverse effects". Health Canada 
recommended the avoidance of amalgam fillings for pri- 
mary teeth of children, for pregnant women and people 
with kidney disease. Health Canada also recommended 
that dentists provide patients with sufficient information 
on the risks and benefits of dental materials for filling 
teeth so that patients can make informed choices about 
what to have implanted in their mouths. Health Canada 
also expressed that dentists should acknowledge the pa- 
tients right to decline treatment with any dental 
material. 

There was a good deal of unexplained variation in our 
model. Even with the inclusion of additional patient 
characteristics and exposures, the model was only able 
to account for approximately 10% to 22% of the vari- 
ation in the baseline urinary and post challenge urinary 
mercury levels. This variation could be due to a number 
of factors, including unmeasured exposures, measure- 
ment error, how many years the amalgam has been in 
the bearer s mouth, the condition of the amalgam from 
wear and tear and metabolic factors. Research has shown 
that there are many genetic polymorphisms in the genes 



for enzymes and proteins involved in the detoxification 
and elimination of heavy metals, and that this can influ- 
ence mercury levels. Variations in the genes for glutathi- 
one related enzymes and selenoproteins have both been 
shown to significantly influence inter- individual varia- 
tions in mercury retention, elimination and overall mer- 
cury burden [26]. There is also evidence that gum 
chewing (especially nicotine gum) can increase mercury 
levels in persons with mercury amalgams. In addition, 
there may be numerous possible environmental sources, 
including fluorescent light bulbs, consumption of large 
fish, and electronics. The fact that the number of dental 
amalgam surfaces has a sizeable statistically significant 
correlation with urinary mercury levels across many in- 
dividuals means that even without explaining total vari- 
ation in mercury levels we can identify an important 
source of mercury exposure. 

One limitation of our study is that, in general, it is dif- 
ficult to interpret the meaning of post challenge urine 
levels. The UTM challenge used to obtain the second 
urine measure analysed in this study will draw mercury 
from blood and other tissues. To our knowledge, only 
one study has examined the relationship between UTM 
challenge urinary mercury concentrations and blood 
mercury levels [21]. In addition, the impact of metal 
binding agents used for the UTM challenge may vary 
from person to person and participants may have made 
errors in the urine collection. Furthermore, differences 
in urine flow rate, which is affected by fluid intake and 
time of day, could impact mercury concentration in the 
urine. Trachtenberg et al. found that increased urine 
flow rate was associated with a significant decrease in 
mercury concentration and a non-significant increase in 
mercury excretion rate [27]. However, the mercury/ cre- 
atinine ratio was unaffected by flow rate, suggesting that 
using creatinine-corrected mercury concentrations could 
compensate for differences in flow-rate or fluid intake. 
Furthermore, all measures of mercury significantly in- 
creased with the number of amalgam surfaces, regardless 
of variation due to flow-rate. Thus, despite these draw- 
backs, our large sample size provides convincing evi- 
dence of a statistically important association between 
dental amalgam surfaces and urinary mercury levels. 

Another limitation to our study is that we are unable 
to measure the age of the amalgam surfaces in partici- 
pants. It has been shown that as an amalgam surface 
ages the amount of mercury contained in the surface de- 
creases due to chemical change [28]. While the average 
age of participants in our study is approximately 49 
years, it is possible that some of the amalgam surfaces 
observed were new and thus gave off more mercury than 
the average amalgam surface. More likely, considering 
the average age of participants, is that the amalgam sur- 
faces we observed are older and thus the mercury levels 
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we observed are below the level of mercury vapor expos- 
ure associated with the average aged amalgam surface. 
This means that our estimate of an unsafe number of 
amalgams, which we derived from a previously published 
study [2], may apply only to older and less potent amal- 
gam surfaces. 

Our study does not discuss the effect on mercury urine 
of amalgam removal. Individuals with zero amalgam sur- 
faces have lower urine mercury levels than individuals 
with one or more amalgam surfaces. However, that does 
not imply that removing amalgams from the amalgam 
group will result in urine mercury levels similar to individ- 
uals without amalgams. Some studies have shown that re- 
moving amalgams is associated with a temporary spike in 
mercury levels at the time of removal, after which mercury 
levels tend to decrease to levels below the pre-removal 
mercury level; that spike that is attributed to agitation of 
the mercury in the dental amalgam [29,30]. 

Competing interests 

Fyie and Brunei are employed by the service provider that supplied the raw 
data. 

Authors' contributions 

DJD, JCHE, KF and LB were responsible for writing and editing the 
manuscript. DJD, KF, JCHE and PF were responsible for the data 
management and statistical analysis. LB clarified testing protocols used by 
Pure North. All authors read and approved the final manuscript. 

Author details 

department of Community Health Sciences, University of Calgary, 3rd Floor, 
TRW Building, 3280 Hospital Drive NW, Calgary, AB T2N 4Z6, Canada. 2 Pure 
North S'Energy Foundation, Suite 800, 326 - 1 1th Ave. SW, Calgary, AB 
T2R-0C5, Canada, department of Economics, University of Calgary, Social 
Sciences Building, Room 554, 2500 University Dr. NW, Calgary, AB T2N 1N4, 
Canada. 

Received: 14 June 2013 Accepted: 27 August 2013 
Published: 29 August 2013 

References 

1. Clarkson TW, Magos L, Myers GJ: The toxicology of mercury-current 
exposures and clinical manifestations. N Engl J Med 2003, 
349(18):1731-1737. 

2. Richardson GM: Mercury Exposure and Risks from Dental Amalgam in 
Canada: The Canadian Health Measures Survey 2007-2009. Hum Ecol Risk 
Assess 2012. 2013/05 http://www.tandfonline.com/doi/ref/10.1080/ 

1 0807039.201 2.743433#.Uh4k\T92lfY. 

3. Abraham JE, Svare CW, Frank CW: The effect of dental amalgam 
restorations on blood mercury levels. J Dent Res 1984, 63(1 ):7 1-73. 

4. Olstad ML, Holland Rl, Wandel N, Pettersen AH: Correlation between 
amalgam restorations and mercury concentrations in urine. J Dent Res 
1987, 66(6):1 179-1 182. 

5. Snapp KR, Boyer DB, Peterson LC, Svare CW: The contribution of dental 
amalgam to mercury in blood. J Dent Res 1989, 68(5):780-785. 

6. Jokstad A, Thomassen Y, Bye E, Clench-Aas J, Aaseth J: Dental amalgam 
and mercury. Pharmacol Toxicol 1992, 70(4):308-313. 

7. Suzuki T, Hongo T, Abe T, Matsuo N, Inoue N: Urinary mercury level in 
Japanese school children: influence of dental amalgam fillings and fish 
eating habits. Sci Total Environ 1993, 136(3):21 3-227. 

8. Begerow J, Zander D, Freier I, Dunemann L: Long-term mercury excretion 
in urine after removal of amalgam fillings. Int Arch Occup Environ Health 
1994, 66(3):209-212. 

9. Schweinsberg F: Risk estimation of mercury intake from different sources. 

Toxicol Lett 1994, 72(1 -3):345-35 1 . 



10. Skare I, Engqvist A: Human exposure to mercury and silver released from 
dental amalgam restorations. Arch Environ Health 1 994, 49(5):384-394. 

11. Kingman A, Albertini T, Brown LJ: Mercury concentrations in urine and 
whole blood associated with amalgam exposure in a US military 
population. J Dent Res 1 998, 77(3):461 -471 . 

12. Nur Ozdabak H, Karaoglanoglu S, Akgul N, Polat F, Seven N: The effects of 
amalgam restorations on plasma mercury levels and total antioxidant 
activity. Arch Oral Biol 2008, 53(1 2):1 101-11 06. 

13. Skerfving S: Exposure to mercury in the population. In Advances in mercury 
toxicology. Edited by Suzuki T, Imura N, Clarkson TW. New York: Plenum 
Press; 1991. 

14. Geier D, Carmody T, Kern J, King P, Geier M: A significant dose-dependent 
relationship between mercury exposure from dental amalgams and 
kidney integrity biomarkers: A further assessment of the Casa Pia 
children's dental amalgam trial. Hum Exp Toxicol 2013, 32(4)434-440. 

15. Mutter J, Curth A, Naumann J, Deth R, Walach H: Does inorganic mercury 
play a role in Alzheimer's disease? A systematic review and an 
integrated molecular mechanism. J Alzheimers Dis 2010, 22(2):357-374. 

16. Health Canada Mercury Issues Task Group: Mercury: Your Health and the 
Environment - A Resource Tool, [http://www.hc-sc.gc.ca/ewh-semt/pubs/ 
contaminants/mercur/index-eng.php] 

1 7. Health Canada: It's Your Health: Mercury and Human Health - Updated. 
[http://www.hc-sc.gc.ca/h l-vs/iyh-vsv/en vi ron/merc-eng.php] 

18. Aposhian HV, Maiorino RM, Rivera M, Bruce DC, Dart RC, Hurlbut KM, et al: 
Human studies with the chelating agents, DMPS and DMSA. J Toxicol Clin 
Toxicol 1992, 30(4):505-528. 

19. Molin M, Schutz A, Skerfving S, Sallsten G: Mobilized mercury in subjects 
with varying exposure to elemental mercury vapour. Int Arch Occup 
Environ Health 1991, 63(3):1 87-1 92. 

20. Vamnes JS, Eide R, Isrenn R, Hoi PJ, Gjerdet NR: Diagnostic value of a 
chelating agent in patients with symptoms allegedly caused by 
amalgam fillings. J Dent Res 2000, 79(3):868-874. 

21. Health Canada: The Safety of Dental Amalgam. Health Canada: Ottawa; 1996. 

22. Fernandes Azevedo B, Barros Furieri L, Pecanha FM, Wiggers GA, Frizera 
Vassallo P, Ronacher Simoes M, et al: Toxic effects of mercury on the 
cardiovascular and central nervous systems. J Biomed Biotechnol 2012, 
2012:949048. 

23. Grotto D, de Castro MM, Barcelos GR, Garcia SC, Barbosa F Jr: Low level and 
sub-chronic exposure to methylmercury induces hypertension in rats: 
nitric oxide depletion and oxidative damage as possible mechanisms. 

Arch Toxicol 2009, 83(7):653-662. 

24. Pecanha FM, Wiggers GA, Briones AM, Perez-Giron JV, Miguel M, Garcia- 
Redondo AB, Vassallo DV, Alonso MJ, Salaices M: The role of 
cyclooxygenase (COX)-2 derived prostanoids on vasoconstrictor 
responses to phenylephrine is increased by exposure to low mercury 
concentration. J Physiol Pharmacol 2010, 61 (1):29-36. 

25. Holmes P, James KA, Levy LS: Is low-level environmental mercury exposure 
of concern to human health? Sci Total Environ 2009, 408(2):1 71 -1 82. 

26. Goodrich JM, Wang Y, Gillespie B, Werner R, Franzblau A, Basu N: 
Glutathione enzyme and selenoprotein polymorphisms associate with 
mercury biomarker levels in Michigan dental professionals. Toxicol Appl 
Pharmacol 201 1, 257(2):301 -308. 

27. Trachtenberg F, Barregard L, McKinlay S: The influence of urinary flow rate 
on mercury excretion in children. J Trace Elem Med Biol 2010, 24(1 ):3 1-35. 

28. George GN, Singh SP, Hoover J, Pickering IJ: The chemical forms of 
mercury in aged and fresh dental amalgam surfaces. Chem Res Toxicol 
2009, 22(1 1):1 761-1 764. 

29. Molin M, Bergman B, Marklund SL, Schutz A, Skerfving S: Mercury, 
selenium, and glutathione peroxidase before and after amalgam 
removal in man. Acta Odontol Scand 1990, 48(3)489-202. 

30. Sandborgh-Englund G, Elinder CG, Langworth S, Schutz A, Ekstrand J: Mercury 
in biological fluids after amalgam removal. J Dent Res 1 998, 77(4):61 5-624. 



doi:1 0.1 186/1 745-6673-8-22 

Cite this article as: Dutton et al.: The association between amalgam 
dental surfaces and urinary mercury levels in a sample of Albertans, a 
prevalence study. Journal of Occupational Medicine and Toxicology 
2013 8:22. 



